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Abstract
This paper investigates the influence of the fuel injector nozzle geometry on the liquid fuel contraction 
coefficient and Reynolds number. The main three fuel injector nozzle geometry parameters: nozzle 
diameter (d), nozzle length (l) and nozzle inlet radius (r) have a strong influence on the liquid fuel 
contraction coefficient and Reynolds number. The variation of the nozzle geometry variables at different 
liquid fuel pressures, temperatures and injection rates was analyzed. The liquid fuel contraction 
coefficient and Reynolds number increase with an increase in the nozzle diameter, regardless of the 
fuel injection rate. An increase in the r/d ratio causes an increase in the fuel contraction coefficient, 
but the increase is not significant after r/d = 0.1. A nozzle length increase causes a decrease in the 
fuel contraction coefficient. Increase in the nozzle length of 0.5 mm causes an approximately similar 
decrease in the contraction coefficient at any fuel pressure and any nozzle length. Fuel injectors should 
operate with minimal possible nozzle lengths in order to obtain higher fuel contraction coefficients.
Keywords: fuel injector, nozzle geometry, fuel contraction coefficient, Reynolds number
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1. Introduction
In internal combustion engines with a direct fuel injection the injector nozzle 
geometry strongly affects the fuel atomization process [1, 2]. The liquid fuel atomization 
process has a strong influence on the engine combustion process [3, 4] and on exhaust 
emissions [5, 6]. Correct understanding of the effects of the nozzle geometry on the 
fuel injection process is the basis for modeling fuel spray dynamics [7]. However, due 
to small length and time scales during the fuel injection process, it is still a challenge 
to capture and explain the physics behind those processes [8, 9].
The internal nozzle flow influence on spray atomization was investigated by 
several authors in the past [10, 11]. A recent investigation of this topic is presented by 
Madero and Axelbaum [12] who investigated the fuel spray breakup and structure of 
spray flames for low-volatility wet fuels. Greenberg [13] investigated the impact of the 
initial droplet size distribution on the behavior of the edge flame.
Nozzle configuration effects on the internal flow and the primary spray breakup 
for flash boiling fuel sprays were analyzed by Wu et al. [14] while Abianeh et al. [15] 
investigated the nozzle flow influence and characteristics on the multi-component fuel 
spray evaporation process. Mrzljak and Žarković [16] presented a numerical model of 
the fuel spray penetration and fuel-air mixing process for a direct injection diesel engine, 
where the nozzle fuel flow influence produces one of the dominant effects on observed 
processes. An experimental study in fuel spray characteristics under atmospheric and 
pressurized cross-flow conditions was presented by Guo et al. [17].
The impact of the injector nozzle geometry on fuel injection, fuel atomization and 
evaporation processes must be involved in any detailed internal combustion engine 
simulation, as the one presented in [18] for a high speed direct injection turbocharged 
diesel engine. The same impact is inevitable in simulations of large marine two-stroke 
slow speed diesel engines [19, 20].
To reduce the internal combustion engine emissions and improve engine operating 
parameters, researchers have been intensely involved in implementing the combustion 
of different alternative fuels in existing engines [21, 22]. Insights into the dynamic 
structure of bio-diesel and conventional fuel sprays from high-pressure diesel injectors 
were investigated by Moon [23] while spray evaporation and penetration of alternative 
fuels were analyzed by Azami and Savill [24].
In this paper, the influence of the fuel injector nozzle geometry on the liquid fuel 
contraction coefficient and Reynolds number was investigated. The main three fuel 
injector nozzle geometry parameters: nozzle diameter (d), nozzle length (l) and nozzle 
inlet radius (r) have a strong influence on the liquid fuel contraction coefficient and 
Reynolds number. The obtained results were presented for a variation of three nozzle 
geometry variables at different liquid fuel pressures, temperatures and injection rates. 
The results are compared and discussed in order to obtain a complete insight into the 
liquid fuel spray characteristics at the beginning of fuel injection. This analysis can be 
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helpful in the optimization of injector nozzles according to fuel injection conditions 
for each particular internal combustion engine.
2. Liquid fuel contraction coefficient
The liquid fuel contraction is a liquid stream constriction that happens because the 
fluid streamlines cannot abruptly change direction [25]. Due to the fuel injector nozzle 
or a pipe diameter sudden change, fluid streamlines are unable to closely follow the 
sharp angle in the nozzle/pipe wall. 
Maximum contraction is the place in a liquid fuel stream where the diameter of 
the stream has the lowest value and the liquid fuel velocity has the maximum value. 
The maximum contraction takes place in a section slightly downstream of the fuel 
injector nozzle, Fig. 1. 
Figure 1 - Definition of the liquid fuel contraction coefficient for a fuel 
injector nozzle [26]
According to Fig. 1, the liquid fuel contraction coefficient for the fuel injector 
nozzle is defined as the ratio of the liquid fuel stream diameter at the maximum 
contraction point and the nozzle diameter: 
  (1)
where:
 Cd = liquid fuel contraction coefficient,
 dMC = liquid fuel stream diameter at the maximum contraction point,
 d = nozzle diameter.
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The liquid fuel contraction coefficient value is always lower than 1 and depends 
on the fuel stream parameters (pressure, temperature and injection rate) as well as on 
the nozzle geometry. 
3. Analyzed injector nozzle geometry parameters
The intention of the presented mathematical model in this analysis is to be usable 
not only for one selected fuel injector and its nozzles, but rather for a large number of 
fuel injectors and for many liquid fuel types. The analysis baseline is the fuel injector 
DLLA 775 from [27] that has four identical nozzles and a cylindrical area under the 
injector needle. 
The main three fuel injector nozzle geometry parameters that strongly influenced 
the liquid fuel contraction and Reynolds number are the nozzle diameter (d), nozzle 
length (l) and nozzle inlet radius (r), presented in Fig. 2. With presented nozzle 
geometry parameters we can describe the liquid fluid flow characteristics through 
the nozzle and at the nozzle outlet. Each of these geometry parameters was varied to 
obtain a complete insight into its influence on the liquid fuel contraction and Reynolds 
number. The nozzle inlet radius usually has a small value and more often its value is 
not presented in millimeters, but is shown as the nozzle radius/diameter ratio (r/d), 
which was also adopted in this analysis. 
Figure 2 - Fuel injector section with analyzed nozzle geometry parameters
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4. Liquid diesel fuel used in the analysis
In the presented analysis a standard diesel fuel D2 is used, with its main 
characteristics and specifications as presented in Table 1. The liquid diesel fuel density 
increases with the pressure increase, but the dominant mechanism of the decrease in 
the liquid fuel density is caused by the increase in fuel temperature.
Although the analysis is made with a standard diesel fuel D2, mathematical 
description of the liquid fuel contraction coefficient and Reynolds number allows 
the usage of any standard or alternative liquid fuel, provided that changes are known 
concerning fuel density and dynamic viscosity depending on the current fuel pressure 
and temperature.
Table 1 - Main characteristics of diesel fuel D2 [28]
Liquid diesel fuel D2 property Value
Boiling point 266 °C
Molecular mass 198 kg/kmol
Critical temperature 453 °C
Critical pressure 20.9 bar
Pour point - 21.6 °C
Cloud point - 15 °C
Sulphur content 0.3 percentage of mass
Density at 15.5 °C 0.842 g/cm3
Kinematic viscosity at 38 °C 2.84 · 10-6 m2/s
Flash point 75 °C
Aniline point 71.7 °C
5. Liquid diesel fuel D2 thermodynamical properties necessary for the 
contraction coefficient and Reynolds number calculation
5.1. Liquid diesel fuel D2 density 
At high pressures of the fuel injected into the engine cylinder, liquid fuel density 
does not depend only on the liquid fuel temperature, but also on fuel pressure. The 
dependence of the liquid diesel fuel D2 density on the pressure and temperature is 
presented by the following expression [28]:
  (2)
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where: 
 = liquid fuel current density (g/cm3),
 = 0.845 g/cm3 (liquid fuel density on the environmental pressure and 
temperature),
  p = current pressure of liquid fuel (Pa),
 Pa (liquid fuel elasticity module),
  = liquid fuel temperature above the environment temperature which 
amounts 25 °C,
  A = 1350 °C (reciprocal value of the liquid fuel thermal expansion coefficient).
5.2. Liquid diesel fuel D2 dynamic viscosity
The liquid fuel D2 dynamic viscosity dependence on fuel pressure and temperature 
is described by a diagram, which is digitized and units are converted into SI units. It 
has been observed by interpolation that the liquid fuel dynamic viscosity change can 
be described by a second degree polynomial whose coefficients are the function of the 






  p = current pressure of liquid fuel (bar),
  t = current temperature of liquid fuel (°C),
 = liquid fuel current dynamic viscosity (kg/m·s).
6. Liquid fuel contraction coefficient and Reynolds number
During the injection, the liquid fuel has a high pressure and injection rate and 
therefore the flow in the fuel injector nozzle is turbulent. Taking into account the 
turbulent flow in the fuel injector nozzle [29], the liquid fuel contraction coefficient 
can be defined as:
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  (7)
where:
 Cd = liquid fuel contraction coefficient (-),
 Kin = contraction loss coefficient, defined by Equation 8,
 f = Reynolds number coefficient, defined by Equation 9,
 l = nozzle length (mm),
 d = nozzle diameter (mm).
The contraction loss coefficient Kin is a function of the nozzle inlet radius r and 
the nozzle diameter d ratio. According to [29] the contraction loss coefficient Kin can 




 Kin = contraction loss coefficient (-),
 r = nozzle inlet radius (mm),
 d = nozzle diameter (mm).
The Reynolds number coefficient f should be calculated by equation:
  (9)
where Reynolds number is defined by the following expression:
  (10)
In Equation 10, the symbols are as follows:
 = liquid fuel density (kg/m3),
  vi = liquid fuel injection rate (m/s),
  d = nozzle diameter (mm),
 = liquid fuel dynamic viscosity (kg/m·s).
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7. Mathematical model results and discussion
7.1. Influence of changes in the nozzle diameter on the liquid fuel contraction 
coefficient and Reynolds number
Fig. 3 presents changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle diameters. The figure was obtained by using nozzle geometry and 
fuel characteristics presented in the boldface legend in the figure, for this one and any 
other figures. The fuel injection rate was 100 m/s.
The liquid fuel contraction coefficient increases with an increase in the nozzle 
diameter. It can be seen from Fig. 3 that the contraction coefficient continuously 
decreases with an increase in the liquid fuel pressure, for all the nozzle diameters 
observed. The decrease in the contraction coefficient during the fuel pressure increase 
has the sharpest value at the lowest observed nozzle diameter (0.25 mm), while at the 
highest observed nozzle diameter (1 mm) the increase in the fuel pressure has a low 
impact on the contraction coefficient decrease.
For presented fuel and nozzle operating parameters, the highest contraction 
coefficient was obtained at the highest nozzle diameter and the lowest fuel pressure (1 
mm and 500 bars) while the lowest contraction coefficient was obtained at the lowest 
nozzle diameter and highest fuel pressure (0.25 mm and 2000 bar). The fuel injection 
pressure in internal combustion engines today exceeds 1500 bar, so that the fuel pressure 
of 500 bars cannot be used as a relevant one, but only can be presented as the result 
of a numerical analysis.
Figure 3 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle diameters (vi = 100 m/s)
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Fig. 4 shows the liquid fuel contraction coefficient calculation for the same input 
parameters as in Fig. 3, yet for a three times higher fuel injection rate (300 m/s). The 
same general conclusions from Fig. 3 are also valid for Fig. 4, with a remark that 
the three times higher injection rate does not cause any proportional change in the 
contraction coefficient.
The increase in the fuel injection rate from 100 m/s (Fig. 3) to 300 m/s (Fig. 4) 
only causes a slight increase in the liquid fuel contraction coefficient for most nozzle 
diameters observed, at lower pressures observed. The most notable increase in the 
contraction coefficient in comparison with the lower injection rate can be seen for the 
lowest nozzle diameters (0.25 mm and 0.4 mm) at fuel pressures higher than 1000 bar.
Figure 4 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle diameters (vi = 300 m/s)
For the same input parameters presented in Fig. 3 (vi = 100 m/s), changes in the 
Reynolds number follow the same trend in the contraction coefficient, as presented 
in Fig. 5. For any of the observed nozzle diameters, the Reynolds number decreases 
during the increase in fuel pressure. The highest decrease in Reynolds number during 
the fuel pressure increase can be observed at the highest nozzle diameter (1 mm) from 
approximately Re = 7000 at fuel pressure of 500 bars to Re = 1000 at fuel pressure 
of 2000 bar.
The decrease in Reynolds number during the fuel pressure increase follows the 
decrease in the nozzle diameter, so that the lowest decrease in Reynolds number from 
500 to 2000 bar can be seen at the lowest observed nozzle diameter (0.25 mm). At the 
highest observed fuel pressure of 2000 bar, Reynolds number has a low dispersion and 
amounts between Re = 300 and Re = 1000 for any nozzle diameter.
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Figure 5 - Changes in Reynolds number at different fuel pressures and nozzle 
diameters (vi = 100 m/s)
A three times increase in the fuel injection rate with other fuel and injector 
variables unchanged, in comparison with Fig. 5, resulted in a three times higher 
Reynolds number, as presented in Fig. 6, for all nozzle diameters. According to Equation 
10, this is an expected trend. Again, any general conclusions valid for the fuel injection 
rate of 100 m/s (Fig. 5) are also valid for the fuel injection rate of 300 m/s (Fig. 6). 
During the fuel pressure increase, the decrease in Reynolds number follows the nozzle 
diameter increase.
Figure 6 - Changes in Reynolds number at different fuel pressures and nozzle 
diameters (vi = 300 m/s)
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The conclusion that can be derived from the variation in the injector nozzle 
diameter is that the contraction coefficient and Reynolds number increase with an 
increase in the nozzle diameter, regardless of the fuel injection rate. An increase in 
fuel pressure causes a decrease both in the contraction coefficient and in Reynolds 
number at every observed nozzle diameter. Increase in the fuel injection rate is directly 
proportional to the increase in Reynolds number. Increase in the fuel injection rate 
causes a slight increase in the fuel contraction coefficient at lower fuel pressures and a 
significant increase in the fuel contraction coefficient at higher fuel pressures, but the 
increase is not proportional to the injection rate increase for the entire fuel pressure 
range observed.
7.2. Influence of changes in the radius/diameter ratio on the liquid fuel 
contraction coefficient 
A change in the nozzle radius/diameter (r/d) ratio does not affect Reynolds number 
and therefore this section presents the influence of the radius/diameter ratio on the 
liquid fuel contraction coefficient for several fuel and fuel injector nozzle operating 
parameters. 
Fig. 7 presents changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios at the fuel injection rate of 100 m/s and nozzle 
diameter of 0.25 mm. The contraction coefficient increases during an increase in the r/d 
ratio, so the highest contraction coefficient can be seen in the highest observed r/d ratio 
at any fuel pressure. This result can be explained by the fact that liquid fuel streamlines 
can follow more precisely the nozzle edges that are of a more rounded shape.
An increase in fuel pressure causes a sharp decrease in the contraction coefficient 
at any r/d ratio. It can be concluded from Fig. 7 that the optimal r/d ratio for observed 
operating parameters is r/d = 0.1 because an additional increase in the r/d ratio increases 
the contraction coefficient by a very small, insignificant value.
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Figure 7 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 100 m/s, d = 0.25 mm)
When all the nozzle and fuel operating parameters remained the same as in Fig. 
7 and the injection rate increased from 100 m/s to 300 m/s, results were obtained as 
presented in Fig. 8. Here again, general conclusions remain the same as for the lower 
injection rate – an increase in the r/d ratio increases the contraction coefficient. The 
most significant increase in the contraction coefficient is from r/d = 0 to r/d = 0.1. A 
further increase in the r/d ratio does not have any significant influence on the contraction 
coefficient increase.
An increase in fuel pressure causes a decrease in the contraction coefficient at any 
r/d ratio, but the decrease is not as sharp as at the injection rate of 100 m/s. At a higher 
fuel injection rate, the contraction coefficient increases at any r/d ratio (Fig. 8) and at 
any fuel pressure when compared with the lower injection rate (Fig. 7).
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Figure 8 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 300 m/s, d = 0.25 mm)
A change in the liquid fuel contraction coefficient at different fuel pressures and 
radius/diameter ratios at an increased nozzle diameter (0.6 mm) is presented in Fig. 9 
and in Fig. 10 for the injection rate of 100 m/s and 300 m/s respectively.
As can be seen from these two figures that the increase in the nozzle diameter (from 
0.25 mm to 0.6 mm) increases the liquid fuel contraction coefficient at any fuel pressure 
and any r/d ratio. As noted earlier, the highest contraction coefficient is obtained at 
the highest r/d ratio. The increase in fuel pressure causes a decrease in the contraction 
coefficient, which is sharper at a lower injection rate (Fig. 9), while a decrease in the 
contraction coefficient is linear at a higher fuel injection rate (Fig. 10) at any r/d ratio. 
An increase in an r/d ratio above r/d = 0.1 causes a low increase in the contraction 
coefficient at any fuel pressure, regardless of the injection rate.
It results from Fig. 9 and Fig. 10 that at the same nozzle diameter and at the same 
r/d ratio the contraction coefficient is a little higher at a higher fuel injection rate, so 
that a significant increase in the injection rate does not have any significant influence 
on the contraction coefficient increase. An increase in the fuel pressure at the selected 
fuel and injector nozzle operating parameters does not cause any significant change 
in the fuel contraction coefficient at a higher injection rate, at any r/d ratio, Fig. 10.
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Figure 9 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 100 m/s, d = 0.6 mm)
Figure 10 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 300 m/s, d = 0.6 mm)
A change in the liquid fuel contraction coefficient at different fuel pressures and 
radius/diameter ratios at the highest observed nozzle diameter of 1 mm is presented in 
Fig. 11 for the injection rate of 100 m/s and in Fig. 12 for the injection rate of 300 m/s. 
At any fuel pressure and injection rate, an increase in the nozzle diameter (from 
0.6 mm to 1 mm) at any r/d ratio increases the liquid fuel contraction coefficient. The 
nozzle diameter of 1 mm causes the contraction coefficient to approach its maximal 
value for the highest r/d ratio. Here again, at the highest observed nozzle diameter, 
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any increase in the r/d ratio above r/d = 0.1 causes a low increase in the contraction 
coefficient at any fuel pressure, regardless of the injection rate. An increase in the fuel 
pressure for the selected fuel, injector nozzle operating parameters and nozzle diameter 
of 1 mm does not cause any significant change in the fuel contraction coefficient at 
either injection rate observed and at any r/d ratio. At a higher fuel injection rate and 
any r/d ratio, the contraction coefficient is higher in comparison with a lower injection 
rate, yet the difference is almost negligible. 
Figure 11 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 100 m/s, d = 1 mm)
Figure 12 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and radius/diameter ratios (vi = 300 m/s, d = 1 mm)
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The influence of the nozzle radius/diameter ratio on the fuel contraction coefficient 
is presented for several nozzle diameters and injection rates. An increase in the r/d ratio 
causes an increase in the contraction coefficient, but that increase is not significant after 
r/d = 0.1. For higher nozzle diameters and for all r/d ratios, a significant increase in the 
fuel injection rate does not have a major influence on the contraction coefficient. An 
increase in the fuel pressure reduces the fuel contraction coefficient at any r/d ratio, 
what is even more significant at lower nozzle diameters. For higher nozzle diameters, 
an increase in the fuel pressure reduces the fuel contraction coefficient, but the reduction 
is almost negligible, which is valid for all r/d ratios. 
7.3. Influence of changes in the nozzle length on the liquid fuel contraction 
coefficient 
As well as the change in the nozzle radius/diameter ratio, the change in the nozzle 
length does not affect the Reynolds number. Therefore, in this section the influence of 
the nozzle length on the fuel contraction coefficient is presented for several fuel and 
fuel injector nozzle operating parameters.
A change in the liquid fuel contraction coefficient at different fuel pressures and 
nozzle lengths at the fuel injection rate of 100 m/s is presented in Fig. 13. In general, 
an increase in the nozzle length causes a decrease in the fuel contraction coefficient. 
It can be seen in Fig. 13 that an increase in the nozzle length by 0.5 mm causes an 
approximately similar decrease in the contraction coefficient at any fuel pressure value. 
An increase in fuel pressure causes a sharp decrease in the contraction coefficient 
at any nozzle length and nozzle diameter of 0.25 mm, Fig. 13. It can be concluded that 
it will be most appropriate for fuel injectors to operate with a minimal possible nozzle 
lengths, to obtain higher fuel contraction coefficients, regardless of the fuel injection 
pressure.  
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Figure 13 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 100 m/s, d = 0.25 mm)
If the fuel and fuel injection nozzle operating parameters remain the same as in 
Fig. 13, and the fuel injection rate increases three times to 300 m/s, the contraction 
coefficient slightly increases at lower fuel pressures and strongly increases at higher 
fuel pressures in comparison with an injection rate of 100 m/s, Fig. 14, at each nozzle 
length. An increase in the nozzle length of 0.5 mm causes an approximately similar 
decrease in the contraction coefficient at every fuel pressure. With an increase in the 
fuel pressure, the contraction coefficient decreases at any nozzle length, but the decrease 
is not as sharp at the injection rate of 300 m/s as at 100 m/s.
It can be concluded from Fig. 13 and Fig. 14 that the fuel injection rate is a very 
influential parameter for fuel injectors with small nozzle diameters and high fuel 
pressures. As already said, the recommendation is to use fuel injectors with the lowest 
possible nozzle lengths to obtain higher fuel contraction coefficients.
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Figure 14 – Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 300 m/s, d = 0.25 mm)
Changes in the liquid fuel contraction coefficient at different fuel pressures and 
nozzle lengths at the increased nozzle diameter (d = 0.6 mm) in comparison with the 
previously analyzed ones are presented in Fig. 15 and Fig. 16 for injection rates of 100 
m/s and 300 m/s respectively. 
The general conclusion remains the same – an increase in the nozzle length causes 
a decrease in the fuel contraction coefficient. At each selected pressure, an increase in 
the nozzle length of 0.5 mm causes an approximately equal decrease in the contraction 
coefficient, regardless of the injection rate.
A comparison of Fig. 15 and Fig 16 can make us conclude that an increase in fuel 
pressure at any nozzle length causes a continuous decrease in the contraction coefficient 
which results sharper at a lower injection rate. For higher pressures observed, the 
injection rate increase has still an important influence on the increase in the contraction 
coefficient, but that influence is not as significant as for lower nozzle diameters, as can 
be seen at each nozzle length.
In addition, at higher fuel injection rates, Fig. 16, a fuel pressure increase causes a 
continuous yet almost negligible decrease in the contraction coefficient, at any nozzle 
length observed. 
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Figure 15 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 100 m/s, d = 0.6 mm)
Figure 16 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 300 m/s, d = 0.6 mm)
At the end, the change in the liquid fuel contraction coefficient is presented at 
different fuel pressures and nozzle lengths for the highest nozzle diameter observed (d 
= 1 mm). Fig. 17 and Fig. 18 present the influence of the nozzle length change at the 
injection rate of 100 m/s and 300 m/s respectively.
Conclusions are identical as for lower nozzle diameters with the remark that an 
increase in the fuel pressure causes a lower decrease in the contraction coefficient 
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following the nozzle diameter increase, at any nozzle length. The increase in the 
contraction coefficient at higher injection rates and the same nozzle lengths drops as 
the nozzle diameter increases.
Figure 17 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 100 m/s, d = 1 mm)
Figure 18 - Changes in the liquid fuel contraction coefficient at different fuel 
pressures and nozzle lengths (vi = 300 m/s, d = 1 mm)
In general, for any fuel and fuel injector operating parameters an increase in the 
nozzle length causes a decrease in the fuel contraction coefficient. An increase in the 
nozzle length of 0.5 mm causes an approximately similar decrease in the contraction 
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coefficient at any fuel pressure and any nozzle length. With an increase in the fuel 
pressure, the contraction coefficient decreases at any nozzle length, and as the nozzle 
diameter increases, the increase in the fuel pressure causes a lower decrease in the 
contraction coefficient. The increase in the contraction coefficient at higher injection 
rates and the same nozzle lengths gets lower as the nozzle diameter increases. It can 
be concluded that it will be most appropriate for fuel injectors to operate with minimal 
possible nozzle lengths, to obtain higher fuel contraction coefficients, regardless of the 
fuel injection pressure.  
8. Conclusion
The fuel injector nozzle geometry influence on the liquid fuel contraction coefficient 
and Reynolds number was investigated and presented in this paper. The main three fuel 
injector nozzle geometry parameters: nozzle diameter (d), nozzle length (l) and nozzle 
inlet radius (r) have a strong influence on the liquid fuel contraction coefficient and 
Reynolds number. Variation results of the three nozzle geometry variables at different 
liquid fuel pressures, temperatures and injection rates were presented and discussed.
The liquid fuel contraction coefficient and Reynolds number increase with the 
increase in the nozzle diameter, regardless of the fuel injection rate. The fuel pressure 
increase resulted in the decrease in both the contraction coefficient and Reynolds 
number at any nozzle diameter observed. An increase in the fuel injection rate causes 
a slight increase in the fuel contraction coefficient at lower fuel pressures and a 
significant increase in the fuel contraction coefficient at higher fuel pressures at each 
nozzle diameter observed. Likewise, the increase in the fuel injection rate is directly 
proportional to the increase in the Reynolds number at each nozzle diameter. 
An increase in the r/d ratio causes an increase in the contraction coefficient, but 
that increase is not significant after r/d = 0.1. For higher nozzle diameters, a significant 
increase in the fuel injection rate does not have a major influence on the contraction 
coefficient increase, at any r/d ratio. An increase in fuel pressure significantly reduces 
the fuel contraction coefficient at lower nozzle diameters, while at higher nozzle 
diameters the increase in fuel pressure reduces the fuel contraction coefficient, but the 
reduction is almost negligible, at any r/d ratio.
For the selected fuel and fuel injector operating parameters, an increase in the 
nozzle length causes a decrease in the fuel contraction coefficient. An increase in the 
nozzle length of 0.5 mm causes an approximately similar decrease in the contraction 
coefficient at any fuel pressure and any nozzle length. An increase in fuel pressure 
causes a decrease at any nozzle length. At each nozzle length observed, any increase 
in the nozzle diameter and fuel pressure resulted in a lower decrease in the contraction 
coefficient. As the nozzle diameter increases, the increase in the contraction coefficient 
at higher injection rates and the same nozzle lengths is lower. It can be recommended 
that fuel injectors should operate with minimal possible nozzle lengths in order to 
obtain higher fuel contraction coefficients.
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